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PREFACE. 

___________ 

Knowledge  of  the  existing  conditions  presented  to  the 
authors  the  need  of  extensive  improvements  in  the  electric  light- 
ing and  power  service  in  the  city  of  Hoopeston,  Illinois.  An  in- 
creasing load  requires  additions  to  the  present  equipment  of  the 
power  plant:  its  unsatisfactory  arrangement  and  poor  foundations 
demand  a redesign;  and  the  acquisition  of  a.  larger  and  more  de- 
sirable site  due  to  the  installation  of  a gas  plant  warrants  the 
removal  of  the  power  station  to  the  new  location.  The  following 
is  a complete  analysis  of  the  present  and  an  investigation  of  the 
probable  future  conditions  with  what  appeared  to  them  to  be  the 
most  logical  improvements. 

Thanks  are  due  to  Mr.  C.  E.  Bryson,  Manager,  Mr.  W. 

C.  Glendenning,  Chief  Engineer,  aid  other  employees  of  the  Hoop- 
eston Gas  and  Electric  Company  for  their  hearty  cooperation  and 
assistance  in  the  tests  and  collection  of  data  pertaining  to  the 
electrical  distribution* 

The  Authors 


INTRODUCTION. 


The  Hoopeston  G-as  and  Electric  Company  furnishes  elec- 
tric current  for  private,  commercial  and  street  lighting  and  for 
power  uses  in  the  city  of  Hoopeston,  Illinois.  This  is  a city  of 
6000  inhabitants  situated  at  the  intersection  of  the  Chicago  and 
Eastern  Illinois  and  Lake  Erie  and  Western  railroads  about  twenty- 
four  miles  north  of  Danville,  Vermilion  County,  Illinois.  The 
diversified  manufactories  located  within  its  limits  make  this 
city  more  of  an  industrial  center  than  the  average  town  of  its 
size . 

This  company  is  at  present  confronted  with  the  problem 
of  enlarging  their  plant  to  care  for  the  increasing  load  they 
have  experienced  during  the  past  winter.  The  present  equipment 
does  not  provide  for  a reserve  unit  on  the  heaviest  loads  and 
the  sizes  of  the  units  unfortunately  are  not  suited  to  the  power 
demands.  The  company  has  recently  acquired  a new  site,  located 
as  shown  upon  the  map,  page  69,  for  the  erection  of  a gas  plant 
and  has  wisely  decided  to  remove  the  present  equipment  to  a new 
building  upon  this  property.  The  new  building  will  allow  a more 
satisfactory  arrangement  of  the  apparatus  and  provide  new  and 
better  foundations.  The  soil  at  Hoopeston  is  of  such  a character 
that  it  is  particularly  unsatisfactory  for  engine  foundations. 

This  is  caused  by  an  underlying  strata  of  blue  clay  of  about  the 
consistency  of  dough.  The  foundation  of  the  280-horsepower  engine 


2. 

was  built  upon  this  soil  and  is  not  sufficiently  large  to  pre- 
vent vibrations . 

The  original  installation  in  this  building  consisted 
of  high-speed  steam  engines  belt-connected  to  alternating  cur- 
rent generators . This  equipment  was  badl3^  overloaded  and  was  al- 
lowed to  get  into  such  condition  that  the  service  became  very 
poor.  The  company  sought  to  remedy  this  by  installing  a 280- 
horsepower  suction  gas  engine  and  producer  outfit  in  June,  1908, 
but,  unfortunately,  the  unskilled  attendants  were  unable  to  handle 
this  machinery  properly  with  the  result  that  the  service  grew 
worse  and  the  gas  engine  was  allowed  to  follow  in  the  wake  of  its 
predecessor.  The  services  of  a competent  gas  engine  operator  v/ere 

secured  early  in  1909  and  the  service  was  improved  to  such  an  ex- 
horsepower 

tent  that  the  company  decided  to  install  another  100-gas  engine 
in  June,  1909,  and  discard  the  old  steam  equipment  entirely. 

Since  this  time  the  service  has  improved  steadily. 

DESCRIPTION  OP  PLANT :- 

The  power  house  of  the  Hoopeston  Gas  and  Electric 
Company  is  located  in  the  northwest  corner  formed  by  the  inter- 
section of  the  Chicago  and  Eastern  Illinois  and  the  Lake  Erie 
and  Western  railroad  tracks,  as  shown  upon  the  map,  page  68. 

The  ground  is  low  and  very  poorly  drained.  A tile  laid  twelve 
feet  below  the  surface  completely  around  the  building  provides 
the  only  drainage.  This  tile  empties  into  a well  sunk  for  this 
purpose  and  to  receive  the  gas  engine  jacket  water  and  cool  it 
before  it  is  re-pumped  into  a tank  upon  the  roof  of  the  coal 
bin,  from  where  it  feeds  into  the  jackets  by  gravity. 


. . . 


• 

■ 


- - - ■ - ■ - : 
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Building: 

The  building  is  an  old  one,  built  to  house  the  old 
steam  engine  installation,  and  is  in  very  poor  condition.  The 
roof  is  of  tarred  paper  and  leaks  freely  in  several  places.  The 
last  engine  was  installed  just  beyond  the  building  and  a tempor- 
ary shelter  was  built  over  it.  No  floor  was  laid  in  this  addition. 
The  arrangement  of  the  rooms  is  as  shown  in  Fig.  1,  page  70.  The 
producers  were  installed  in  one  side  of  the  old  boiler  room,  one 
boiler  being  removed  to  make  room  for  them,  and  a concrete  floor 
surrounds  them.  The  floor  of  the  engine  room  is  concrete  with  the 
exception  of  places  left  vacant  by  the  removal  of  the  former  in- 
stallation, which  are  laid  with  brick.  The  walls  are  constructed 
of  brick  and  are  in  very  poor  condition. 

Foundations : 

The  arrangement  of  the  units  is  also  shown  by  Fig.  1, 
page  70.  As  illustrated,  the  engines  are  belt-connected  to  their 
respective  generators  and  the  exciters,  in  turn,  are  belted  to  the 
generator  shafts.  The  foundation  under  engine  No.  1 was  improper- 
ly constructed  and  the  engine  rocks  considerably  with  each  explos- 
ion, causing  a decided  flop  in  the  belt.  This  foundation  is  rec- 
tangular in  shape,  without  the  customar:/  sloping  sides,  and  has  a 
cross  sectional  area  only  slightly  larger  than  the  bottom  of  the 
engine  frame.  One  corner,  the  northeast,  has  settled  more  than  the 
remainder  of  the  foundation.  The  poor  condition  of  the  foundation 
undoubtedly  accounts  for  the  trouble  that  has  been  experienced 
with  the  bearings  of  this  engine  and  this  trouble  will  probably 
only  be  remedied  by  installing  a new  foundation.  The  attempt  was 
made  to  tie  this  foundation  to  the  one  installed  with  the  small 
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unit  in  June,  1909,  but  was  unsuccessful.  The.  foundation  of  the 
small  unit  is  satisfactory  in  every  way.  This  foundation  is  some- 
what larger  proportionately  then  the  first,  has  properly  sloping 
sides  and  is  connected  in  front  with  the  generator  foundation. 
Producers:  . 

The  equipment  of  the  plant  consists  of  two  Muenzel 
gas  engines  of  280-  and  100-horsepower,  respectively,  two  pro- 
ducers of  the  same  make  and  Westinghouse  electrical  machinery. 

As  shown  in  Pig.  4,  page  73,  one  wet  and  one  dry  scrubber  are 
used  for  both  producers,  the  producers  being  connected  into  a 
common  main.  The  producers,  which  are  of  the  suction  type,  are 
rated  at  150-horsepower  each.  A vertical  section  through  the 
producer  is  shown  in  Fig.  5,  page  74.  The  air  supply  is  taken 
from  the  room  near  the  level  of  the  tops  of  the  producers  down 
through  a preheater,  P,  into  the  ashpit,  A.  This  preheater-  con- 
sists merely  of  a space  around  the  gas  pipe,  G-,  enclosed  by 
sheet  iron  so  that  the  comparatively  cool  ingoing  air  is  heat- 
ed by  the  hot  outgoing  gases.  Steam  from  the  vaporizer,  Y,  is 
admitted  through  a valve,  M,  that  may  be  regulated  by  hand,  and 
mixes  with  this  air  in  the  preheater.  The  air  and  steam  enter 
the  ashpit  of  the  producer  and  from  thence  pass  up  through  the 
fuel  bed,  B.  The  vaporizer,  Y,  is  in  the  shape  of  a pan  forming 
the  top  of  the  producer  and  receives  its  heat  from  the  hot  gas- 
es leaving  the  fuel  bed  immediately  below.  The  water  is  kept  at 
a constant  level  by  a float  regulated  valve,  which  is  not  shown 
in  the  illustration.  A water  overflow  and  an  escape  pipe,  E,  for 
the  excess  steam  are  provided.  Coal  is  fired  through  a charging 
hopper,  H,  so  designed  that  no  air  is  allowed  to  enter  with  the 
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fuel  and  a magazine ,N,  is  placed  below  this  hopper  so  that  the 
green  fuel  does  not  come  in  immediate  contact  with  the  fire. 

The  gas  outlet  pipe,  G-,  is  furnished  with  valves  so  that  the 
gas  may  be  either  admitted  to  the  scrubbers  or  allowed  to  es- 
cape to  the  atmosphere  through  a waste  pipe,  0.  Water  seals, 

S,  are  provided  on  all  producer  connections  so  that  explosions 
within  the  apparatus  will  do  no  damage.  A coal  storage  bin  of 
one  car  load  capacity  is  at  the  north  side  of  the  producer  room, 
as  shown  on  the  la^rout  of  the  plant,  Fig.  1,  page  70.  The  coal 
is  fed  to  the  charging  hoppers  from  a small  bin  above  them,  to 
which  it  is  conveyed  by  a bucket  conveyor  driven  by  a small  in- 
duction motor. 

Scrubbers  and  Expansion  Tanks: 

The  wet  scrubber  consists  of  a cylindrical  steel 
shell  containing  a sprinkler  near  the  top  and  layers  of  coke 
through  which  the  ascending  gases  must  pass.  The  gas  enters  at 
the  bottom  and  leaves  at  the  top.  It  then  passes  to  the  dry  scrub 
ber,  filled  with  excelsior,  where  the  particles  of  moisture  are 
removed.  The  scrubbers  are  five  feet  and  six  inches  in  diameter, 
the  wet  scrubber  being  twelve  feet  high  and  the  dry  four  feet 
high.  From  the  dry  scrubber  the  gas  passes  to  a large  expansion 
tank  placed  behind  engine  Wo.  1,  from  which  this  engine  draws 
its  supply.  The  functions  of  this  tank  are  to  reduce  the  veloc- 
ity of  the  gas  coming  from  the  scrubber  at  the  moment  the  ad- 
mission valve  opens;  take  care  of  the  inertia  of  the  moving  gas 
at  the  closing  of  this  valve,  thereby  regulating  the  fluctuations 
of  draught  on  the  producer  to  some  extent;  and  provide  a small 
storage  space  for  fuel  for  the  engine.  When  the  second  engine 
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was  installed  the  gas  main  was  continued  from  the  end  of  this 
tank  to  the  tank  for  the  small  engine  and,  in  consequence,  the 
receiver  behind  the  large  engine  is  not  large  enough  for  both 
and  the  two  engines  will  not  operate  satisfactorily  at  the  same 
time . 

Engines: 

The  Muenzel  engine  is  shown  in  cross  section  in 
Fig.  6.  page  75.  The  engine  is  of  the  horizontal,  single-acting, 

1 four-stroke  cycle  type  and  is  built  in  single  and  twin  engines. 
The  air  supply  is  admitted  through  the  engine  frame  and  the 
amount  is  regulated  by  a butterfly  valve  controlled  by  hand. 

Gas  is  admitted  from  the  expansion  tank  through  a hand  control- 
led valve  and  mixed  with  the  air  by  a specially  designed  nozzle. 
The  amount  of  mixture  entering  the  cylinder  is  controlled  by  a 
butterfly  valve  operated  by  the  governor.  Current  for  electric 
make-and-break  ingition  is  supplied  by  a Bosch  magneto  mounted 
upon  the  cylinder  head.  The  construction  of  this  engine  is  well 
shown  by  the  drawing  referred  to  above.  The  frame  and  cylinder 
barrel,  A,  is  cast  in  one  piece  and  the  cylinder  bushing,  B,  is 
forced  into  the  barrel  from  the  head  end.  The  cylinder  head,  H, 
contains  inlet  and  exhaust  valves,  I and  E,  in  the  top  and  bot- 
tom, respectively,  and  is  attached  by  means  of  stud  bolts  to  the 
cylinder  barrel.  The  crank  swings  between  bearings  in  both  sides 
of  the  frame  and  the  flywheel  is  hung  outside  the  frame,  the  end 
of  the  shaft  being  supported  by  a pedestal  bearing  in  the  single 
engines  and  by  the  opposite  frame  in  the  twin  engines.  Valve 
mechanisms  and  ignition  apparatus,  J are  driven  from  a layshaft 
carried  in  bearings  on  the  outside  of  the  engine  frame  and  driv- 
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en,  in  turn,  from  the  crank  shaft  by  spiral  reduction  gearing. 
Auxiliaries: 

Compressed  air  for  starting  the  engines  is  fur- 
nished by  a small  two-cylinder , single-stage,  vertical,  single- 
acting  air  compressor  and  a storage  tank  located  in  the  produc- 
er room.  This  compressor  is  ordinarily  driven  by  a small  in- 
duction motor,  but  provision  is  made  for  driving  it  with  a gas- 
oline engine  when  the  plant  is  shut  down.  A small  fan  for  blow- 
ing up  the  producer  fires  is  found  near  this  machinery  so  that 
it  may  be  driven  by  the  same  power.  The  location  of  this  machin- 
ery in  the  producer  room  where  the  air  is  full  of  ashes  and  coal 
dust  makes  it  difficult  to  keep  clean  and  in  good  condition. 
Electrical  Apparatus: 

The  generators  are  Westinghouse  three-phase  alter- 
nating current  machines  with  exciters  belted  to  the  ends  of  the 
shafts.  Current  is  generated  at  2300  volts  and  stepped  down  for 
use.  Switchboard  connections  and  instruments  are  of  standard 
Westinghouse  types  and  the  present  arrangement  is  very  inade- 
quate in  that  only  one  unit  can  be  operated  at  a time.  The 
switchboard  connections  are  shown  in  Fig-?  , page  76.  a motor 
generator  set  is  used  to  supply  a small  amount  of  direct  cur- 
rent at  500  volts  for  motor  use.  This  is  a very  unsatisfactory 
arrangement  for  the  following  reasons:  first,  the  motor  gener- 
ator set  is  not  properly  balanced,  as  it  consists  of  a thirty 
horsepower  motor  and  a fifty  kilowatt  generator;  second,  it 
cannot  be  operated  at  an  economical  load;  third,  on  account  of 
inadequate  starting  apparatus  it  cannot  be  stopped  during  per— 
iods  when  there  is  no  demand  for  direct  current;  and  fourth. 
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the  induction  motor  lowers  the  power  factor  undesireably . 


METHOD  OP  ATTACKING  THE  PROBLEM . 


Prom  the  foregoing  description  of  the  present  plant 
it  is  seen  that  a new  building,  new  foundation  under  the  280- 
horsepower  engine,  better  arrangement  of  apparatus  within  the 
building,  and  new  wiring  upon  the  switchboard  are  needed  badly. 
Also,  the  sizes  of  the  various  units  can  be  selected  to  care 
for  the  load  expected  in  the  future  to  better  advantage.  These 
reasons,  coupled  with  the  fact  that  the  company  has  recently 
purchased  property  located  more  desireably  for  the  erection  of 
a gas  plant,  caused  the  decision  to  move  the  power  plant  into 
a new  building  upon  this  property. 

In  the  solution  of  the  problem  of  this  design,  the 
authors  have  deemed  it  advisable  to  conduct  a short  series  of 
tests  upon  the  gas  engine  installation  for  the  purpose  of  de- 
termining the  cost  of  producing  power  and  the  general  conditions 
of  operation  of  the  plant  in  order  to  justify  the  selection  of 
gas  engine  driven  units  for  the  new  power  house  and  suggest 
ideas  for  their  most  advantageous  arrangement.  The  results  of 
these  tests  and  the  permanent  records  of  the  company  afforded 
data  from  which  the  probable  load  curve  of  the  future  was  de- 
termined. The  units  were  then  selected  to  carry  this  probable 
load  most  advantageously,  proper  consideration  being  given  to 
the  present  equipment  and  the  provision  of  reserve  units,  and 
these  units  were  then  installed  in  a suitable  building. 


- 
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Estimates  upon  the  probable  cost  of  this  plant  were  based  upon 
data  secured  from  various  authorities. 
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THE  TESTS . 


OBJECTS:-  The  primary  objects  of  these  tests  were  as  follows:- 

1.  To  obtain  the  fuel  consumption  of  the  entire 
installation  in  pounds  of  coal  per  kilowatt-hour  at  the  switclm- 
board . 


2.  To  obtain  the  entire  cost  of  power  production 
in  cents  per  kilowatt-hour  at  the  switchboard. 

3.  To  observe  the  general  conditions  of  operation 
of  the  gas  engine  driven  electric  power:  station. 

Other  objects  of  less  importance  in  view  were:- 

4.  The  determination  of  the  thermal  efficiency  of 
the  plant  (Ratio  of  heat  equivalent  of  power  output  of  plant 

at  switchboard  to  heat  supplied  to  producers  in  fuel) . 

5.  Average  volumetric  analysis  of  gas  leaving 


producers . 


ducers . 


6.  Average  calorific  value  of  gas  leaving  pro- 


7. Coefficients  or  constants  of  performance  of 
such  apparatus  as  could  be  determined  from  the  data  taken 
without  interfering  with  the  operation  of  the  plant. 


METHODS  OF  CONDUCTING  TESTS:-  Three  separate  tests  of 
twenty-four  hours  duration,  each,  were  conducted  upon  the 
Plant.  Since  it  was  desired  to  have  the  plant  operating  under 
the  maximum  load  conditions  of  the  year  during  the  tests,  they 
were  run  during  the  Christmas  Holidays.  The  first  test  was 
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started  Wednesday  afternoon,  December  22,  1909;  the  second,  Fri- 
day afternoon,  December  24,  1909;  and  the  third,  Sunday  afternoon, 
December  26,  1909. 

The  tests  were  started  and  stopped  by  the  alternate 
method  adopted  by  the  American  Society  of  Mechanical  Engineers 
in  their  test  code  for  steam  boilers.  The  fires  are  usually 
cleaned  in  the  afternoon  about  three  or  four  o’clock  and  the 
tests  were  started  as  soon  after  that  as  possible.  The  fires 
were  cleaned  as  thoroughly  as  possible  and  sliced  from  the  top, 
the  grates  shaken,  the  ashpits  cleaned,  and  the  producers  filled 
with  coal  before  the  tests  were  started.  This  proceedure  was  re- 
peated before  the  tests  were  stopped,  careful  attention  being 
given  to  the  weighing  of  the  coal  used  during  the  tests  and  the 
ash  and  refuse  that  was  taken  from  the  ashpits  upon  the  comple- 
tion of  the  tests.  In  this  manner  itrwas  thus  practicable  to  con- 
duct the  tests  without  interfering  in  any  way  with  the  usual  rou- 
tine followed  in  the  operation  of  the  plant. 

READIITG-S  TAKEN:-  The  following  readings  were  taken  at  intervals 
as  shown  upon  the  data  sheets,  pages  80,  81,  and  82. 

Temperatures :- 

Outside  air 
Producer  room 
Engine  room 
Ashpit  No.l  producer 
" No. 2 ” 

Gas  leaving  No.l  producer 


. 
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Gas  leaving  Ho. 2 producer 
" 11  dry  scrubber 

Water  entering  wet  scrubber 
" leaving  " " 

" entering  engine  jackets 

M leaving  " " 

Suction  Pressures 

Gas  leaving  ilo . 1 producer 
" " Ho . 2 ’• 

" ” wet  scrubber 

it  tt  drv  ” 

Miscellaneous  Readings :~ 

Weight  and  sample  of  coal  fired 
" n it  « ash  and  refuse 
Meter  reading  of  amount  of  water  used  in  scrubber 

" " M ” ” " ” " engine  jackets 

Speed  of  engines 

Calorific  value  of  gas  produced  by  Junker  Calorimeter 
Sample  of  gas  produced  for  volumetric  analysis 
Indicator  diagrams  from  engines 
Barometer 


Electrical  Readings 

Kilowatts  Ho.l  wattmeter 
" Ho. 2 H 

Voltage 

Current  in  line  Ho.l 
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Current  in  line  No. 2 
" " " No . 3 

Kilowatt-hours  output 

APPARATUS  USED:-  All  apparatus  used  in  the  tests  was  carefully 
calibrated.  These  calibrations  were  only  used  in  cases  where  great 
accuracy  was  desired,  such  as  the  weighing  of  the  coal  and  the 
measuring  of  the  electrical  output,  and  other  cases  where  correct- 
ions were  relatively  large. 

Temperatures 

All  readings  of  temperatures  were  taken  with  Faren- 
heit  thermometers  of  suitable  ranges.  These  thermometers  we re 
placed  in  brass  thermometer  cups  filled  with  oil  which  were  in- 
serted in  the  proper  places  in  the  pipe  lines.  The  thermometers 
used  in  obtaining  the  temperatures  of  the  ashpits  of  the  producers 
and  that  of  the  gas  leaving  the  producers  were  inserted  in  these 
plac.es  through  specially  constructed  stuffing  boxes  which  allowed 
the  bare  bulbs  of  the  thermometers  to  come  in  contact  with  the 
gases . 

Suction  Pressures :- 

A water  column  was  so  constructed  that  the  suction 
pressure  at  the  various  points  could  be  secured  by  the  proper 
manipulation  of  valves.  Suction  pressures  were  read  in  inches  of 
water . 

Weight  of  Coal  and  Ash:- 

A staging  was  built  on  the  tops  of  the  two  producers 
and  an  ordinary  platform  scale  was  placed  upon  it.  The  platform 
scale  was  calibrated  by  the  use  of  weights  that  were  weighed  by 
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a carefully  calibrated  spring  balance  carried  from  the  University 
laboratories.  A box  that  would  hold  about  six  hundred  pounds  of 
coal  was  placed  upon  this  scale  in  which  the  coal  was  weighed 
preparator3'  to  firing.  The  coal  was  weighed  in  as  large  lots  as 
possible  to  eliminate  errors  in  the  weighing.  Samples  of  coal  and 
ash  were  taken  and  quartered  in  the  usual  manner  and  preserved  in 
air-tight  jars  for  analysis  at  the  University.  The  ashes  and 
refuse  were  removed  from  the  ashpits  at  the  end  of  each  test,  weigh- 
ed and  sampled. 

Measurement  of  Water: - 

The  scrubber  water  was  measured  by  two  three-quarter 
inch  meters  placed  in  multiple  in  the  supply  pipe,  it  being  im- 
possible to  obta.in  a meter  of  the  proper  size.  The  jacket  water 
was  measured  by  a two  inch  meter  placed  in  the  pipe  line  near 
the  first  engine.  These  meters  were  calibrated  in  the  University 
laboratories  before  being  placed  and  their  readings  were  taken 
as  the  true  value,  there  being  no  means  of  collecting  and  weigh- 
ing the  water.  The  vaporizer  water  was  disregarded,  as  the  amount 
was  small  in  comparison  with  the  total  amount  used. 

Speed  of  Engines :- 

The  explosions  of  the  engines  were  counted  by  contin- 
uous counters  which  were  connected  to  the  exhaust  valve  levers  and 
recorded  the  number  of  times  these  valves  opened,  or  one-half 
the  number  of  revolutions  of  the  engine . 

Calorific  Value  of  Gas:- 

The  calorific  value  of  the  gas  was  obtained  by  the  use 
of  a Junker  calorimeter,  operating  continuously,  the  sample  for  the 
same  being  taken  from  the  gas  main  between  the  wet  and  dry  scrub- 
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bers.  As  a continuous  sample  was  required,  an  aspirator  was  con- 
nected to  the  sampling  tube  in  such  a way  that  a small  stream  of 
water  flowing  through  the  aspirator  would  draw  the  gas  from  the 
main,  the  gas  and  water  flowing  into  a chamber  in  which  a constant 
water  level  was  maintained  by  throttling  the  outlet.  Here  the  gas 
separated  from  the  water  and  sufficient  pressure  v/as  created  by 
throttling  the  water  outlet  to  force  the  gas  through  the  appara- 
tus. A head  of  ten  feet,  or  thereabouts,  was  all  that  could  be 
obtained  on  the  aspirator,  without  considerable  extra  piping. 

Hence  this  head  was  used  and  found  to  be  sufficient  to  operate 
the  apparatus  successfully,  though  slowly.  A pressure  of  about 
two-tenths  inches  of  water  was  maintained  upon  the  gas  at  the 
meter . 

Gas  Samples  for  Analysis 

The  gas  samples  for  analysis  were  also  taken  from 
the  main  betv/een  the  wet  and  dry  scrubbers.  These  samples  were 
collected  over  saturated  water  in  tin  tubes  provided  for  that 
purpose,  these  tubes  being  connected  to  the  sampling  tube  by 
means  of  rubber  tubing.  In  order  to  seal  the  samples  the  rubber 
nipples  were  bent  double  and  wound  with  fine  wire.  Hov/ever,  upon 
analysis,  they  all  shov/ed  considerable  leakage  and  consequently 
this  portion  of  the  test  was  unsuccessful. 

Indicator  Diagrams :- 

Indicators  were  attached  to  the  cylinders  of  the 
engines,  the  reducing  motions  for  their  use  being  obtained  from 
the  manufacturers  of  the  engines,  the  Minneapolis  Steel  and 
Machinery  Company,  of  Minneapolis,  Minnesota.  This  reducing 
mechanism  consists  of  a horizontal  piece  attached  to  the  cross- 
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head, parallel  to  the  center  line  of  the  cylinder, carrying  a slot 
which  is  inclined  to  the  horizontal.  A roller  at  the  extremity 
of  a short  crank  rolls  in  this  slot  and  imparts  an  angular 
motion  to  a short  shaft  resting  in  hearings  upon  the  frame  of 
the  engine.  This  shaft  carries  a lever  to  which  the  indicator 
cord  is  attached. 

Electrical  Measurements 

The  electrical  output  was  measured  by  the  two  watt- 
meter method.  The  current  coils  of  the  two  instruments  were  con- 
nected in  two  of  the  mains  and  the  pressure  coil  of  each  instru- 
ment between  the  third  line  and  the  line  in  which  the  current 
coil  of  that  meter  was  connected.  The  generator  leads  were  open- 
ed at  the  generators  (They  could  not  be  reached  at  the  switch- 
board owing  to  the  arrangement  of  wiring  upon  the  back  of  the 
board)  and  knife  switches  inserted  so  that  the  instruments  could 
be  removed  without  interrupting  the  service.  The  pressure  coils 
were  connected  to  the  line  through  a twenty-to-one  potential 
transformer  - a precision  instrument  - v/hich  was  made  to  serve 
for  both  meters  by  the  aid  of  two  double-pole,  double-throw 
knife  switches.  A voltmeter  was  placed  across  the  low  tension 
side  of  this  transformer  so  that  the  voltage  across  two  of  the 
phases  was  read  at  the  time  the  load  was  taken. 

The  switchboard  instruments  were  calibrated  by  the 
"Comparison  with,  a Standard"  method,  the  standard  in  each  case 
being  a portable  instrument  which  had  been  carefully  calibrated 
at  the  University  laboratories.  The  integrating  wattmeters  were 
carefully  checked  with  the  indicating  wattmeters  and  then  used 
to  measure  the  total  power  output. 


, 


17. 


During  the  hours  when  the  load  was  changing  readings 
we re  taken  every  five  minutes  and  at  all  other  times  at  inter- 
vals of  fifteen  minutes.  From  these  readings  load  curves  were 
plotted  which  were  integrated  for  total  output,  giving  a check 
upon  the  integrating  wattmeters.  Only  the  readings  taken  at 
thirty-minute  intervals  are  shown  upon  the  data  sheets,  pages 
80,  81  and  82. 

Efficiency  tests  were  not  made  upon  the  generators 
due  to  the  fact  that  this  could  not  have  been  done  without  in- 
curring great  risk  of  interrupting  the  service. 

DATA:-  All  data  taken  during  the  tests  is  recorded  on  the 
data  sheets,  pages  80,  81  and  82.  This  data  has  been  summar- 
ized in  Table  1,  "Summary  of  Data  and  Results  of  Tests",  pages 
42  to  49,  and  the  "Sample  Calculations",  pages  50  to 55  , ex- 
plain fully  the  methods  used  to  obtain  these  results. 
Temperatures  of  Producers :- 

Considerable  variation  in  the  temperatures  of  the 
ashpits  of  the  oroducers  will  be  noticed  throughout  the  tests 
and  this  is  due  to  the  fact  that  the  fires  do  not  remain  at 
constant  height  above  the  grates.  The  variation  in  the  temper- 
ature of  the  gas  leaving  the  producer  also  depends  upon  the 
condition  of  the  fires  and  the  amount  of  steam  that  is  being 
used.  With  a light  load  upon  the  producers,  as  in  the  last 
test,  the  temperature  of  the  gas  would  naturally  be  expected  to 
be  low  and  these  variations  are  therefore  easily  explained. 
Calorific  Value  of  G-as:- 

The  heating  value  of  the  gas  would  be  expected  to 
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vary  considerably  due  to  the  method  of  handling  the  fires  in 
this  plant.  Experience  has  taught  that  the  fires  should  be  dis- 
turbed as  little  as  possible  and  for  this  reason  the  fires  are 
only  cleaned  once  and  sliced  from  the  top  three  times  and  the 
producers  filled  with  coal  three  times,  per  day.  By  properly 
manipulating  the  steam  supply  the  temperature  of  the  fires  is 
kept  low  so  that  clinkering  does  not  become  troublesome.  It 
would  be  expected  that  variations  in  the  quality  of  gas  produc- 
ed would  be  very  gradual  and  the  tests  have  verified  this  with 
regard  to  the  calorific  value  of  the  gas.  During  the  first  test 
the  gas  was  very  poor,  a mixture  of  about  two  parts  air  to  one 
part  gas  being  used  at  the  engine,  and  this  was  due  to  poor 
fires  and  the  presence  of  some  clinker.  During  the  second  test, 
which  was  started  twenty-four  hours  after  the  close  of  the  first, 
the  fires  were  in  much  better  condition  and  the  calorific  value 
of  the  gas  was  much  higher.  During  this  test  a mixture  of  seven 
to  one  was  used  at  one  time,  which  is  probably  as  large  a ratio 
as  is  ever  used  with  producer  gas,  showing  that  the  quality  of 
the  gas  was  very  good.  During  the  third  test  the  gas  was  poor 
again,  due  to  the  stop  on  Sunday,  which  allowed  the  fires  to 
settle  and  cool,  thus  cutting  off  the  supply  of  steam,  and  the 
fact  that  the  load  was  not  heavy  enough  to  pull  the  fires  into 
good  condition  and  produce  sufficient  steam  to  enrich  the  gas. 
Coal:- 

A slightly  different  coal  was  used  during  the  last 
test  which  was  unloaded  Saturday  and  reached  the  producers  on 
Sunda^r.  The  coal  used  is  commercially  known  as  "Number  Two 
Nut”  and  is  a very  clean  anthracite  coal  made  up  of  a mixture 
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of  small  size  nut  and  pea  coals.  It  would  be  expected  that  con- 
siderably less  coal  would  be  fired  during  the  last  test,  with 
its  light  load,  than  during  the  second  test.  This  seeming  incon- 
sistency in  the  data,  is  explained  by  the  fact  that  the  fires 
cannot  be  cleaned  with  the  same  degree  of  thoroughness  from  day 
to  day  and  it  may  so  happen  that  some  ash  and  clinker  were  re- 
moved from  the  fires  at  the  close  of  the  last  test  that  were  not 
formed  during  the  test,  but  were  present  at  the  start. 

RESULTS. 

Heat  Balances :- 

The  "Heat  Balances",  Table  2,  page  56,  show  the  dis- 
tribution of  the  various  heat  losses  in  the  different  tests.  The 
first  two  tests  check  ver2/  nicely,  but  the  third  does  not  cor- 
respond to  these  values  and  this  is  probably  due  to  the  fact 
stated  previously  regarding  the  cleaning  of  the  fires.  The  un- 
accounted for  losses  increase  considerably  in  this  test  and  this 
means  a decrease  in  the  percentages  of  the  other  losses. 

Plant  Economies :- 

The  results  of  greatest  importance  in  these  tests 
are  tabulated  in  Table  3,  page  57,  as  "Plant  Economies".  The 
coal  consumption  per  kilowatt-hour  compares  very  favorably  with 
that  given  by  the  permanent  records  of  the  company  as  shown  in 
Table  4,  page  58,  and  is  far  below  the  best  performance  of  the 
ordinary  steam  engine  driven  plant  of  this  capacity.  The  fuel 
costs  per  kilowatt-hour  cannot  be  compared  with  those  given  in 
Table  4,  because  the  latter  are  actual  values  at  the  prevailing 
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prices  of  coal,  which  vary  considerably. 

The  total  water  used  per  kilowatt-hour  as  given  in 
Item  10,  Table  3,  is  misleading.  In  this  plant  the  jacket  water 
is  piped  from  the  engine  jackets4  into  a well  or  cistern  from 
which  it  is  pumped  into  a tank  upon  the  roof  of  the  coal  bin  by 
a centrifugal  pump  and  then  used  over  again.  In  this  way,  only 
the  evaporation  must  be  supplied.  The  scrubber  water  is  piped 
into  the  sewer  because  it  is  too  dirty  to  be  used  again.  The 
water  for  the  vaporizers,  which  is  a very  small  amount  in  com- 
parison with  the  items  mentioned  above,  must  also  be  supplied. 

It  is  probable,  then,  that  1.25  cubic  feet  per  kilowatt-hour 

will  supply  the  requirements  of  the  entire  plant. 

Cost  of  Power  Product ion 

The  total  cost  of  operation  of  a gas  engine  driven 
power  plant  consists  of  the  following  items 

1.  Fixed  charges: - 

(a)  Interest 

(b)  Depreciation 

(c)  Insurance  and  taxes 

2.  Maintenance  and  repairs 

o.  Lubricating  oil  and  waste 

4.  Fuel  cost 

5.  Cost  of  cooling  water 

6.  Attendance 

In  order  to  determine  the  fixed  charges  it  will  be 
necessary  to  know  the  first  cost  of  the  plant.  This  is  estimated 
as  given  in  Table  5,  page  59  . The  cost  of  producers  was  taken 
from  curves  in  an  article,  "The  Approximate  Cost  of  Gas  Power", 
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by  M.  P.  C leghorn,  in  "Power  and  -the  Engineer",  March  51,  1908. 
The  cost  of  the  gas  engines  was  estimated  from  data  given  in 
Carpenter  and  Diederichs'  "Internal  Combustion  Engines".  The 
cost  of  the  280-horsepower  engine  was  assumed  to  be  thirty  dol- 
lars per  horsepower  and  the  100-horsepower  engine,  thirty-six 
dollars  per  horsepower,  erected.  Cost  of  generators  was  obtain- 
ed by  the  use  of  the  well  known  formula: - 

cost  = 9.o  kw.  + 

R.P.M. 


which  includes  the  cost  of  the  exciters.  The  cost  of  the  switch- 
board was  estimated  by  roughly  comparing  it  with  switchboards 
of  which  the  cost  was  known.  The  cost  of  the  motor-generator  set 
was  obtained  by  the  use  of  the  formulas :- 
Induction  motor, 


Ret  cost 


_530 

(R.P.M.)0-3 


Direct  current,  direct  connected  generator, 

. Ret  cost  = 12  kw.  + $280 

The  cost  of  the  belts  was  assumed  to  be  $1.65  per  square  foot. 

The  cost  of  the  building  wa3  roughly  fixed  at  $2,000,  it  being 
in  very  poor  condition,  as  stated  previously.  The  cost  of  aux- 
iliaries and  piping  was  estimated  at  ten  percent  of  the  total 
first  cost.  Carpenter  and  Diederichs  give  five  percent  for  this 
value  not  including  air  compressors  and  similar  machinery.  As 
this  plant  contains  a small  air  compressor,  coal  conveyor  and 
gasoline  engine,  it  was  thought  that  ten  percent  would  cover  this 
cost  . 

Knowing  the  initial  cost  of  the  plant,  the  fixed 
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charges  can  now  be  estimated.  The  values  given  in  Table  6, 
page  60,  were  taken  from  Carpenter  and  Diederichs*  ’’Internal 
Combustion  Engines’*.  The  cost  of  maintenance  and  repairs  is 
taken  as  two  percent  of  the  original  cost  - a figure  somewhat 
lower  than  that  given  by  Carpenter  and  Diederichs  - because  no 
money  was  spent  upon  the  building  and  very  few  repairs  were  made 
during  the  past  year.  The  oil  and  waste  cost  is  very  low  as  the 
oil  is  filtered  and  used  over  again  and  this  has  been  disregarded. 
The  fuel  cost  was  determined  from  the  records  of  the  company  shown 
in  Table  4,  page  53,  by  calculating  the  fuel  consumption  for  the 
entire  year  of  1909.  It  is  evident  that  it  would  be  incorrect  to 
use  the  values  determined  by  the  tests,  for  the  tests  do  not  in- 
clude standby  losses.  The  cost  of  water  used  was  assumed  as  three 
cents  per  thousand  gallons,  as  it  was  pumped  from  deep  wells 
owned  by  the  company.  The  cost  of  attendance  was  obtained  from  the 
records  of  the  company. 

Conditions  of  Operation 

The  service  during  the  ten  days  the  authors  spent  in 
the  plant  was  good  in  all  respects,  there  being  no  interruptions, 
and  it  is  safe  to  assume  that  this  will  continue  when  the  engines 
have  been  put  into  better  condition  as  regards  foundations  and 
bearings . 

The  attendance  required  by  the  gas  engines  and  produc- 
ers is  considerably  less  than  that  required  by  steam  engines  and 
boilers  of  the  same  capacity,  due  to  the  comparatively  small 
amount  of  fuel  and  ashes  that  must  be  handled.  Double  the  present 
capacity  of  the  plant  could  undoubtedly  be  handled  by  the  force 
now  employed,  which  consists  of  a day  and  a night  engineer  and  one 
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fireman . 

The  producers  have  been  found  to  operate  most  satis- 
factorily when  not  loaded  heavily.  This  is  due  to  the  fact  that 
the  temperatures  within  the  fire  bed  are  not  high  enough  to  pro- 
duce clinkering,  which  necessitates  slicing  and  disturbing  the 
fire . 

Indicator  diagrams  taken  from  the  engines  are  shown 
on  pages  86  and  87.  These  diagrams  are  representative  of  present 
practice  in  gas  engine  operation.  Pump  diagrams  taken  with  a ten 
pound  spring  are  shown  on  page  88  . One  of  these  diagrams  - that 
of  the  left  hand  side  of  engine  ho.  1 - shows  that  the  exhaust 
valve  closes  early,  but  the  others  show  proper  adjustment. 

Overall  Thermal  Efficiency  of  Plant :- 

The  overall  thermal  efficiency  of  the  plant,  from  the 
coal  pile  to  the  switchboard,  as  shown  in  Table  3,  page  57,  is 
excellent  when  compared  with  similar  values  obtained  from  steam 
engine  driven  plants  of  similar  character,  which  seldom  are 
above  six  or  eight  percent. 

Calorific  Value  of  Gas:- 

The  heating  value  of  the  gas  produced  in  this  plant 
is  about  the  same  as  that  given  by  various  authorities  on  the 
subject.  Carpenter  and  Diederichs  say  that  gas  made  from  anthra- 
cite coal  should  have  a heating  value  of  145  British  thermal 
units  per  cubic  foot,  but  this  is  somewhat  higher  than  was  ob- 
tained by  Messrs.  Garland  and  Kratz  in  their  tests  in  the  Mechan- 
ical Engineering  Laboratory  of  the  University  of  Illinois.  In 
their  -article  in  the  December,  1909,  number  of  the  "Journal  of 
the  American  Society  of  Mechanical  Engineers"  they  give  an 
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average  value  of  138.1  British  thermal  units  per  cubic  foot. 

The  values  obtained  in  the  first  and  last  tests  are  lower  than 
these , but  this  was  due  to  the  poor  condition  of  the  fires,  as 
explained  previously.  The  quality  of  the  gas  during  the  second 
test  was  very  good  and  compares  very  favorably  with  the  proceed- 
ing statements. 

Coefficients  or  Constants  of  Performance 

By  taking  a ratio  between  electrical  horsepower- 
hours  output  of  the  plant  and  the  indicated  horsepower-hours, 
it  was  possible  to  obtain  an  efficiency  or  constant  of  perform- 
ance for  the  engines,  belt  transmission,  and  generators,  includ- 
ing the  electrical  losses.  This  value  was  obtained  for  the  various 
units,  as  shown  in  Table  1,  pages  42  to  49  . The  highest  value, 

87.8  percent,  was  obtained  during  the  last  test  when  the  100- 
horsepower  unit  was  used  for  twenty-four  hours  continuously. 

This  unit  was  thus  operated  at  much  nearer  its  rated  capacity 
than  in  the  previous  tests  and  a higher  value  of  this  ratio  would 
be  expected. 

CONCLUSIONS . 


The  authors  realize  that  tests  of  twenty-four  hours 
duration  are  too  short  for  apparatus  of  this  character, where 
conditions  cannot  be  maintained  constant.  Particularly  does  the 
great  fluctuations  of  the  fires,  that  may  be  expected  from  day 
to  day,  affect  short  tests.  Nevertheless,  the  results  of  these 
tests  show  conclusively  that  the  service  is  now  good  and  that  the 
present  gas  engine  installation  produces  power  cheaper  than  could 
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a steam  engine  plant  of  similar  capacity.  Adding  to  these  the 
fact  that  the  present  equipment  is  nearly  new  and  in  such  condition 
that  it  could  not  he  discarded  without  great  loss,  the  installation 
of  gas  engine  equipment  in  the  new  plant  is  warranted. 
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THE  HE SIGH . 

PROBABLE  FUTURE  LOAB  CURVE:-  The  future  load  upon  the  plant  de- 
pends upon  the  increase  in  the  present  load,  and  this  demands  a 
study  of  existing  conditions.  The  present  load  was  analysed  and 
comparisons  made  with  data  from  other  plants  serving  cities  of  the 
same  size.  The  growth  of  the  plant  since  gas  wa s installed  was 
studied  and  proposed  extensions  were  considered. 

Present  Load:- 

Since  the  installation  of  the  present  plant,  the 
daily  output  has  materially  increased,  as  shown  by  curves  on 
Plate  1,  page  63.  This  increase  is  seen  to  be  approximately  thirty 
percent  by  comparing  any  month  in  1909  with  the  same  month  in  1908. 
These  values  give  no  kejr  to  the  future  load,  however,  since  the 
records  do  not  cover  a sufficient  period  of  time. 

Several  representative  daily  load  curves  are  shown  on 
Plates  2,  3 and  4,  pages64  , 65  , and66  . The  curve  taken  during  the 
month  of  December,  1909,  is  the  only  one  here  considered  and  is 
used  as  a basis  for  the  future  curve  because  the  peak  load  is  great- 
est at  this  time  of  the  year  due  to  the  over-lapping  of  the  power 
and  lighting  loads . 

Analysis  of  Present  Load  and  Comparisons : - 

Table  7,  page  61,  is  taken  from  the  "Electrical 
World",  May,  1909,  and  contains  central  station  data  for  small 
tor/ns  averaging  about  the  size  of  Hoopeston.  Talcing  this  table 
as  a guide,  it  would  seem  that  only  a.  very  small  increase  in  con- 
nected load  could  be  expected,  as  there  is  at  present  a greater 
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connected  load  than  in  the  average  town  of  this  size.  The  station 
capacity  and  transformer  installation  are  both  low  which,  combined 
with  the  greater  connected  load  and  higher  load  factor,  would 
seem  to  indicate  business  activity  on  the  part  of  the  management. 
This  table,  however,  cannot  be  taken  as  an  absolute  guide  as  it 
does  not  contain  data  from  enough  stations  and  nothing  is  known 
of  the  cities  except  that  they  are  "average"  Illinois  and  Iowa 
towns.  Hoopeston  is  above  the  average  city  in  that  there  is  con- 
siderable manufacturing  carried  on  and  many  large  residences  in- 
dicate considerable  wealth. 

In  order  to  facilitate  the  discussion  of  the  possi- 
bilities of  increase  in  different  kinds  of  load,  the  present  load 
has  been  divided  as  follows,  as  is  shown  in  Table  8,  page  62  •- 


Lighting: - 

1. 

Residence 

2. 

General  business 

3. 

Office,  shop,  factory 

A 

— • 

0 hurc  he  s and  hal  1 s 

5 . 

Street  lighting 

6 . 

Emergency  connections 

Power 

Future  extensions . 

Lighting  Load:- 

In  making  a comparison  between  Tables  7 and  8, it  is 
seen  that  the  connected  lighting  load  is  higher  than  the  average. 
The  large  factory  installations  ha.ve  but  little  effect  upon  this, 
as  emergency  connections  were  not  included  in  making  up  the  data 
for  comparison.  The  principal  factor  is  residence  lighting.  There 
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are  still  residence  districts  that  are  undeveloped,  however,  par- 
ticularly those  including  the  smaller  cottages  requiring  five  to 
twelve  lights.  This  may  be  seen  from  the  fact  that  there  are  only 
271  residence  connections  with  a total  of  4500  lamps  installed, 
or  an  average  of  sixteen  lamps  per  installation.  Another  indica- 
tion of  this  fact  will  be  found  in  another  column  of  Table  8, 
showing  the  number  ox  residences  connected  per  100  population 
which,  in  comparison  with  the  data  given  in  Table  7,  is  very  low. 
In  making  an  estimate  of  the  future  residence  lighting  load  it 
was  assumed  that  four  lights  per  residence  would  be  burning  on 
the  peak  load.  This  is  high  for  the  early  peal:  in  December  and 
still  higher  for  the  summer  months,  but  is  a good  average  where 
the  maximum  load  is  considered  as  the  hour  from  lighting  until 
retiring. 

The  second  class  of  lighting  load,  general  business 
lighting,  is  all  peak  load  as  it  is  made  up  of  window  illumin- 
ation, public  library  and  club  room  lighting,  etc.  During  the 
period  of  unsatisfactory  service  in  the  past  practically  all  of 
the  merchants  installed  gasoline  lighting  systems  and  are  still 
using  them  for  store  lighting,  although  electric  service  is  em- 
ployed in  most  cases  for  windows.  This  may  be  due  to  the  attitude 
of  the  company  as  they  do  not  seem  to  desire  to  cater  to  this 
class  of  service,  it  being  peak  load  business.  The  new  installa- 
tion, which  will  provide  reserve  units  on  the  peak  load,  will 
warrant  securing  this  business. 

Factory,  office  and  shop  lighting  is  rather  hard  to 
estimate.  Closing,  as  they  do,  at  five  or  six  o’clock,  the  lights 
may  seldom  be  turned  on  and  yet,  on  a dark  or  cloudy  day,  every 
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such  building  may  have  all  of  its  lights  on.  This  is  unusual, 
however,  and  allowance  is  made  for  about  one-half. 

Churches  and  halls  are  not  usually  lighted  until  late 
in  the  evening  and  when  they  are  on  residence  lights  are  off  to 
some  extent.  This  class  of  lighting  is  not  considered  as  adding 
to  the  peal:  load. 

Street  lighting  is  a peak  load.  At  present,  this  is 
small  in  amount,  but  a new  contract  has  been  practically  decided 
upon  which  will  give  a load  of  sixteen  kilowatts. 

There  are  several  emergency  connections  to  factories 
having  their  ov/n  power  plants,  but  this  load  is  unusual  end  need 
not  be  allowed  for,  as  the  reserve  unit  will  care  for  it  when  oc- 
casion demands. 

Power :- 

The  power  field  has  been  quite  thoroughly  canvassed, 
resulting  in  a fair  day  load.  While  the  electric  motor  has  driven 
out  the  gasoline  engine  in  most  cases,  there  is  still  much  steam 
power  used.  In  fact,  the  electric  power  used  is  but  a small 
fraction  of  the  total  power  used  in  the  cit3?\  There  is  about  750 
horsepower  of  steam  engines  installed  in  various  factories  in  the 
city  - not  including  the  city  pumping  station,  which  is  nearly 
new  - and  the  smallest  installation  is  of  eighty  horsepower  ca.pac- 
ity.  The  canning  factories , which  are  in  operation  only  six  or 
eight  weeks  of  the  year,  have  200  horsepower  installed.  Of  the 
remaining  550  horsepower,  two  factories  with  a total  of  280 
horsepower  have  recently  put  in  new  steam  equipment  and,  for  the 
X>resent,  not  much  change  in  the  power  situation  can  be  looked  for. 
Future  Extensions :- 

Arrangements  are  pra.c  tic  ally  completed  for  the  build- 
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ing  of  a transmission  line  to  Rossville,  a town  of  about  1200 
inhabitants,  located,  six  miles  south  of  Hoopeston,  and  tailing  over 
the  plant  and  service  at  that  place.  As  no  data  concerning  Rcss- 
ville  was  at  hand,  the  present  and  future  load  conditions  at 
that  place  were  taken  as  supplied  by  the  Hoopeston  Gas  and  Elec- 
tric Company. 

The  probable  future  load  curve  as  determined  after 
carefully  studying  the  above  items  is  shown  on  Plate  5,  page  67, 
and  from  this  curve  the  choice  of  units  was  ma.de. 

SELECTION  OE  UNITS:-  In  making  a choice  of  units  for  the  new 
plant,  we  are  coni  ined  vithin  rather  narrow  limits.  The  present 
installation,  with  the  exception  of  the  85-kilowatt  generator, 
has  been  in  service  less  than  two  years  and  cannot  be  discarded 
for  it  is  giving  good  results,  as  shown  by  the  tests  and  the 
records  of  the  company.  This  installation,  as  before  stated,  con- 
sists of  a 280-horsepower  twin  engine  and  a 100-horsepower 
single  engine  belted  to  200-  and  85-kilowatt  alternators,  respect- 
ively. The  present  combination  of  a 100-horsepower  engine  driving 
an  85-kilowatt,  generator  is  not  desireable,as  full  load  on  the 
engine  is  considerably  less  than  full  load  on  the  generator  and, 
furthermore,  the  generator  will  carry  forty  to  fifty  percent 
overload,  while  the  gas  engine  will  only  carry  about  ten  percent 
more  than  its  rated  capacity. 

With  these  ideas  in  mind  the  following  combinations 
of  units  were  carefully  considered: - 

Case  (a):- 

Unit  No.  1 - 200  kilowatts 


. 
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Unit  Ho.  2 
tt  ti  3 

» " 4 

Case  (b):- 

Unit  No.  1 

tt  n 2 

it  tt  v. 

o 

tt  tt  4 


85  kilowatts 
125  " 

35  " 

200  kilowatts 
125  " 

85  " 

35  " 


Case  ( c ) : — 

Unit  No  . 1 - 200  kilowatts 

" " 2 - 125  " 

« « 3 - 85  11 

In  Case  (a), units  number  1 and  2 are  the  present  equip 
ment  of  the  plant  and  numbers  3 and  4 will  be  new,  number  3 
being  a twin  engine  and  number  4 a single  engine. 

In  Case  (b),  unit  number  1 is  taken  from  the  present 
installation.  Number  2 will  consist  of  a new  generator  and  a 
twin  engine,  one  side  of  which  is  obtained  from  the  present  in- 
stallation and  the  other  side  is  new.  Number  3 will  consist  of 
a generator  from  the  present  plant  and  a new  140-horsepower 
twin  engine.  Number  4 will  be  the  same  as  in  Case  (a). 

In  Case  (c),  the  units  will  be  the  same  as  in  Case 
(b)  except  that  the  35-kilowatt  unit  will  not  be  installed. 

From  the  load  curve,  Plate  5,  page  67,  it  is  seen 
that  a 35-kilowatt  unit  would  carry  the  load  from  three  to  five 
hours  each  night  and  also  on  Sundays  and  other  days  when  power 
v/as  not  being  used  to  any  great  extent.  It  could  also  be  used  to 
advantage  to  help  other  units  out  when  they  are  loaded  heavily. 


Figuring  interest  and  deprecaition  at  fourteen  percent,  500 
pounds  of  coal  per  day,  or  about  one-fifth  of  the  present  con- 
sumption, would  have  to  be  saved  to  make  it  a paying  proposition. 
This  saving  would  be  impossible,  as  is  shown  by  the  tests  and  the 
company’s  records  of  operation.  Also,  there  is  a possibility  that 
the  Malleable  Iron  Works  will  put  on  a night  shift  in  the  near 
future,  as  their  present  equipment  is  being  forced  to  the  limit 
and  they  are  rapidly  falling  behind  in  their  orders,  and  this 
will  mean  a load  of  sixty  kilowatts  from  midnight  until  six 
in  the  morning.  Considering  these  facts,  the  35-kilowatt  unit 
drops  out  of  consideration,  leaving  Case  (a)  - minus  unit 
number  4 - and  Case  (c)  to  be  considered.. 

•A  twin  engine  is  desired  instead  of  a single  engine, 
whenever  possible,  because  pulsations  in  speed  will  be  reduced 
and  this  will  aid  the  operation  of  the  generators  in  parallel. 

Also,  by  using  the  present  single  engine  as  one  side  of  a twin 
engine  and  securing  another  140-horsepower  engine  for  the  85- 
kilowatt  generator,  the  capacity  of  the  plant  will  be  increased 
forty  horsepower  over  that  given  in  Case  (a),  which  is  desired, 
and  the  generator  will  be  able  to  carry  a load  nearer  its  rating. 
For  these  reasons.  Case  (c)  seems  the  most  logical  combination 
of  units  for  the  new  plant . 

Producer  Room  Installation : - 

G-as  producers  can  be  operated  through  long  periods  of 
time  without  shutdowns  for  cleaning  and  repairs.  The  present  in- 
stallation consists  of  two  producers  rated  at  150-horsepower 
each  and  one  set  of  scrubbers,  as  stated  previously.  The  max- 
imum load  shown  on  the  probable  future  load  curve,  Plate  5,  page  67, 
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is  approximately  250  kilowatts  and  this  means  that  units  one 
and  three  will  be  in  operation,  giving  a total  capacity  of  4-20 
horsepower.  By  adding  one  more  150-horsepower  producer  to  the 
present  equipment  it  will  be  possible  to  handle  this  load  and,  if 
future  conditions  demand,  another  can  be  added  making  a second 
set  similar  to  that  at  present  in  operation.  Another  wet  scrub- 
ber will  be  installed  for  this  producer  and  both  wet  scrubbers 
will  be  connected  to  the  present  dry  scrubber.  By  proper  ar- 
rangement of  valves  it  will  be  possible  to  operate  any  producer 
and  either  wet  scrubber.  The  dry  scrubber  can  be  operated  con- 
tinuously without  interruption  and  therefore  a by-pass  is  not 
needed . 

LAYOUT  OP  POWER  PLANT:-  The  proposed  layout  of  the  future  plant 
is  shown  in  Figure  2,  page  7L  As  shown  by  the  elevations,  the 
producer  room  floor  is  three  feet  lower  than  the  floor  of  the 
engine  room,  this  giving  room  over  the  producers  for  slicing  and 
for  the  location  of  a small  coal  bin  of  about  two  tons  capacity. 
Coal  storage  space  is  provided  as  shown  and  the  coal  will  be  car- 
ried to  the  bin  above  the  producers  by  a small  bucket  conveyor. 

The  piping  in  the  producer  room  will  be  laid  in  a trench  in  the 
concrete  floor.  No  auxiliary  machinery  will  be  located  in  the  pro- 
ducer room  on  account  of  the  ashes  and  dust. 

The  engine  room  will  contain  the  main  generating 
units  arranged  as  shown,  with  the  head  ends  of  the  engine  cylin- 
ders toward  the  producer  room.  The  piping  will  be  carried  in  a 
small  basement  extending  from  the  engine  foundations  to  the  wall 
of  the  producer  room,  which  will  give  accessibility  for  repairs. 
Each  engine  will  have  an  individual  expansion  tank  and  a separate 
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gas  line  from  a short  header  at  the  dry  scrubber.  Cooling  water 
will  be  run  through  the  jackets  by  gravity  and  will  drain  into 
a cistern  below  the  floor  of  the  oil  room  from  which  it  will  be 
pumped  into  a tank  upon  the  roof  to  be  cooled  and  used  over  again. 

The  water  supply  will  consist  of  a deep  well  and  a connection 
with  the  city  main.  As  in  the  present  plant,  all  engines  will  be 
belt  connected  to  their  respective  generators  and  the  exciters 
will  be  belted  to  the  ends  of  the  generator  shafts.  The  location 
of  the  switchboard  is  unfortunate,  but  could  not  be  improved 
upon.  Had  it  been  placed  at  the  head  ends  of  the  engines,  it 
would  have  interfered  with  the  piping  and  if  placed  at  the  side  of  the 
room,  it  would  have  been  as  inaccessible  as  in  the  location 
chosen . 

The  southwest  corner  of  the  building  is  devoted  to 
a shop  and  toilet  room.  The  auxiliary  machinery,  consisting  of 
a gasoline  engine,  air  compressor,  fan  and  air  storage  tanks 
will  be  placed  in  this  room.  A basement  having  its  floor  on  a 
level  with  the  floor  of  the  piping  tunnel  beneath  the  cylinder- 
heads  of  the  engines,  will  be  located  beneath  this  part  of  the 
building  end  will  serve  for  an  oil  room  in  which  the  filters 
will  be  located  and  oil  will  be  stored.  The  jacket  water  cistern 
will  located  in  one  corner  of  this  room,  the  centrifugal  pump 
used  to  elevate  the  water  to  the  tank  on  the  roof  being  placed 
in  the  shop  above.  A second  story  will  be  provided  for  the 
storage  of  such  supplies  as  are  found  about  a power  plant.  A 
stairway  will  connect  the  different  floors  of  this  portion  of 
the  building  and  materials  can  be  moved  into  either  floor  read- 
ily by  the  use  of  a block  and  tackle  hoist  outside  of  the  build- 
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ing,  doors  on  each  floor  and  a movable  grating  opening  into  a 
sub-basement  being  provided. 

The  engine  room  will  be  constructed  with  brick  walls 
and  a flat  roof  supported  with  suitable  trusses  carried  on  the 
walls.  The  producer  room  will  be  somewhat  higher  than  the  engine 
room,  as  shown,  and  will  be  covered  by  a gabled  roof.  The  portion 
of  the  building  devoted  to  the  shop  and  store  room  will  be  con- 
structed with  heavy  brick  walls  and  reinforced  concrete  floors 
and  roof.  The  flat  roof  will  provide  a tank  for  the  jacket  water. 
Switchboard:- 

A front  elevation  and  a diagram  of  connections  of  the 
present  switchboard,  which  is  of  the  standard  Westinghouse  type, 
are  shown  in  Figures8  and  7,  pages  76  and  77  . The  board  consists 
of  five  panels  as  follov/s:  two  generator  panels,  one  exciter  panel, 
one  feeder  panel  and  a motor-generator  set  panel.  Each  generator 
panel  has  three  ammeters,  one  integrating  wattmeter,  one  three- 
pole  single-throw  oil  switch,  main  fuses,  generator  and  exciter 
field  rheostats,  generator  field  plugs,  voltmeter  plugs,  and  a 
voltmeter  which  is  mounted  upon  a swinging  bracket  at  the  end  of 
the  board.  Upon  the  exciter  panel  is  an  ammeter  for  each  generator 
field  and  a frequency  meter.  The  auto-starter  for  the  motor- 
generator  set,  and  a/so  the  direct  current  circuit  breaker  are 
mounted  upon  this  panel.  Upon  the  motor-generator  panel  is  a direct 
current  ammeter,  integrating  wattmeter,  field  rheostat  and  switch. 
There  are  four  alternating  current  feeder  circuits  each  control- 
led by  a three-pole  single  throw  oil  switch  mounted  upon  the 
feeder  panel. 

The  board  is  new  and  will  be  used  in  the  new  plant. 
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The  arrangement  of  the  instruments  is  good  but  the  wiring  is 
poorly  arranged  and  is  in  poor  condition.  At  the  time  of  our 
tests  it  was  practically  impossible  to  get  at  any  of  the  con- 
nections on  the  rear  of  the  board  owing  to  the  arrangement  of  the 
instrument  transformers,  rheostats,  etc . This  feature  can  be 
greatly  improved  upon. 

The  new  board  is  shown  in  Figures  lOand  9,  pages  79 
and  73 . Some  changes  and  improvements  will  be  made  and  three 
new  panels  added.  Two  sets  of  buses  will  be  installed  as  parallel 
operation  is  somewhat  doubtful  with  the  present  equipment.  The 
four-cycle  twin  engines  which  will  be  installed  will  run  at 
slightly  different  speeds  and  hunting  may  be  excessive.  Also,  it' 
may  be  desireable  at  times  to  operate  the  Rossville  circuit 
separately.  There  will  be  three  generator  panels  with  the  same 
arrangement  as  at  present  except  that  an  indicating  wattmeter 
will  be  connected  to  each  machine,  and  the  integrating  wattmeters 
will  measure  the  output  of  the  buses  instead  of  each  machine. 

The  present  oil  switches  will  be  replaced  by  double-throw  switches. 
Circuit  breakers  are  not  provided  for  the  generators  since  a 
momentary  rush  of  current  is  not  so  disastrous  with  an  alternator 
as  with  a direct  current  machine.  The  breakers  would  be  liable 
to  open  when  the  machines  are  being  synchronised  and  they  may  open 
while  running  and  cause  a shutdown  until  the  machines  can  be  par- 
alleled again,  and  so  fuses  are  relied  upon  to  protect  the  gen- 
erators . 

The  exciters  will  be  operated  in  parallel,  the  volt- 
age being  regulated  by  a Tirrill  regulator.  Ammeters  are  provid- 
ed for  each  exciter  and  are  also  placed  in  each  generator  field. 
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The  single-throw  oil  switches  in  the  feeder  circuits  will  be 
replaced  by  double -throw  oil  circuit  breaker. 

A separate  circuit  will  be  installed  for  Rossville. 

This  will  have  three  ammeters,  an.  integrating  wattmeter,  voltage 
regulator  and  compensated  voltmeter  and  a three-pole,  double- 
throw oil  circuit  breaker. 

CIRCUITS:-  The  voltage  in  different  parts  of  the  city  is  low, 
due  in  some  cases  to  overloaded  transformers,  perhaps,  but  prin- 
cipally to  small  conductors  and  improper  distribution.  A map  of 
the  city  showing  the  present  lines  and  a proposed  layout  of  the 
nev/  lines  is  shown  on  page  68. 

Pole  Line:- 

It  has  not  been  the  intention  of  the  writers  to  give 
any  specifications  but  merely  suggestions  as  to  the  location  of 
lines  and  transformers.  The  present  lines  are  badly  run  down,  a 
great  many  of  the  poles  being  unfit  for  use  although  most  of  the 
wire  is  practically  new.  Some  extensions  will  have  to  be  made, 
some  line  rebuilt  and  some  removed,  but  part  lias  been  allowed  to 
stand,  notably  the  line  leading  to  the  foundry.  In  rebuilding  and 
changing  the  lines  they  have  been  placed  in  the  alleys  so  far  as 
possible.  Thirty-foot  poles  are  recommended  in  most  cases,  but  in 
the  business  district  higher  poles  have  been  used.  In  selecting 
the  poles  provision  was  made  for  the  line  going  to  Rossville,  which 
will  follow  down  Market  Street  and  over  to  Second  Avenue  and  then 
south  to  Rossville,  this  route  being  chosen  because  there  is  at 
present  one  installation  one  mile  south  of  town  upon  this  road. 

No  wire  smaller  than  number  ten  is  recommended  for  line 
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use  but  there  is  already  so  much  number  twelve  on  the  lines  that 
it  has  been  decided  to  use  some  of  it  over  but  only  on  short  ex- 
tensions to  the  primaries. 

The  transformers  are  placed  as  near  the  centers  of 
distribution  as  possible  and  long  secondaries  are  avoided.  Three 
wire  secondaries  are  used  in  most  cases  so  as  to  cut  down  the  cop- 
per loss.  In  calculating  the  size  of  copper  six  percent  drop  is 
assumed  - two  percent  primary,  two  percent  in  the  transformer  and 
two  percent  in  secondary. 

Calculations 


Sample  calculations  for  the  three-phase  line  to  the 
foundry  located  4,850  feet  from  the  plant  are  as  follows 

Assume  maximum  condition  of  load,  which  will  be 
seventy  kilowatts (Balanced)  consisting  of  fifty-five  kilowatts  of 
power  load  and  fifteen  kilowatts  of  lighting  load.  Assume  power 
factor  as  eighty  percent,  since  this  is  a power  load,  and  assume 
five  percent  drop  to  the  transformer. 

Then:  P = -\f5  E I cosG 


or, 

Prom  which, 


70,000  = y5  x 2300  x I x 0.80 

70,000 


I = 


rfT  x 2300  x 0.80 


= 22  amperes  per  line. 


Volts  to  neutral  = -522  = 1330 


and  0.05  x 1350  = 67  volts. 

Neglecting  inductance  and  capacity. 
Volts  drop  = R I 

From  which,  R = ---  = ----  = 3 + ohms. 


Distance  = 4,850  feet,  and  2 x 4,850  = 9700  feet. 

9700 

— - 3233  feet  per  ohm  and  this  corresponds  to 
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number  four  wire,  which  is  already  in  place. 

Street  Lighting :- 

perhaps  nothing  on  the  system  is  in  worse  condition 
than  the  street  lighting  circuit.  This  at  present  consists  of 
five  multiple  arc  lamps  and  126  carbon  lamps  operated  from  trans- 
formers at  different  points  over  the  line.  The  circuit  is  construct- 
ed entirely  of  old  material  and  zig-zags  back  and  forth  across  the  . 
streets  in  order  to  avoid  the  trees.  Most  of  the  lamps  are  sus- 
pended from  pieces  of  boards  nailed  to  the  poles  and  are  without 
reflectors.  Nine  series  tungsten  lamps  have  recently  been  instal- 
led for  demonstration  purposes  and  the  city  is  considering  a new 
contract  specifying  series  tungstens  for  the  residence  districts 
and  arc  lamps  in  the  business  part  of  town. 

The  proposed  layout  includes  twenty  6.6-ampere  series 
arc  lamps  and  150  40-watt,  6.6-ampere  series  tungsten  lamps  all 
operated  on  one  circuit.  The  arc  and  incandescent  circuits  are 
made  separate  and  are  put  in  series  by  a plug  switch  at  the  plant 
so  that  either  circuit  can  be  burned  without  the  other  and  in 
case  the  arc  circuit  opens  it  can  be  cut  out  without  putting  the 
entire  city  in  darkness.  A sixteen-kilowatt  Westinghouse  constant 
current  transformer  is  used  to  operate  the  system. 

The  arcs  will  be  suspended  over  the  street  centers, 
Gutter  suspension  pulleys  being  used.  The  incandescent  lamps  are 
to  be  used  in  connection  with  the  Westinghouse  street  hood,  com- 
plete with  reflector,  bracket  and  lamp  guard.  These  automatically 
short  circuit  a lamp  in  case  it  burns  out  and  this  preserves  the 
continuity  of  the  circuit. 

OTHER  APPARATUS:-  A motor-generator  set  is  at  present  installed 
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in  the  plant  to  give  500-  volt  direct  current.  The  motor  is  a 30- 
horsepower,  three-phase,  2200-volt  machine  and  the  generator  is 
a fifty-six-kilowatt,  500-volt  direct  current  machine.  The  com- 
bination is  unbalanced  yet  they  are  direct-connected  and  mounted 
on  the  same  bed-plate.  This  set  has  a connected  load  of  125  horse- 
power and  runs  at  practically  no  load  from  five  o’clock  in  the 
morning  until  one  at  night,  the  output  averaging  only  about  sixty 
kilowatt-hours  daily.  The  largest  motor  is  a fifty-horsepower  com- 
pound wound  machine  running  a passenger  elevator  in  a four-story 
building.  When  the  elevator  starts  it  draws  about  sixty-five 
amperes  and  causes  a fluctuation  in  the  alternating  current  volt- 
age. It  would  seem  that  the  elevator  is  not  well  balanced  and  has 
a great  deal  of  unnecessary  friction  to  require  such  a large 
motor  and  the  best  remedy  for  such  a condition  would  be  to  over- 
haul the  elevator,  ho  change  is  made  in  the  motor-generator  set 
for  the  time  being  as  power  conditions  will  not  warrant  it  but  it 
is  recommended  that  the  500-volt  power  be  developed  so  the  set  can 
be  run  at  better  efficiency. 

This  induction  motor  running  light  lowers  the  power 

factor  of  the  system  considerably  and  is  very  undesireable  for 

this 

this  reason.  To  counteract  a synchronous  motor  is  recommended  to 
be  placed  on  the  deep  well  pump.  The  pump  operates  but  a short 
time  each  day  and  so  the  motor  could  be  used  as  a rotary  conden- 
ser and  thus  raise  the  power  factor. 
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PRINCIPAL  DIMENSIONS 

OF  ENGINES . 

Number  1 

Number  2 

Type  of  engine 

Four-stroke 

cycle 

Number  of  cylinders 

2 

1 

Arrangement  of  cylinders 

Horizontal, 

twin 

Horizontal 

Fuel  used 

Producer 

gas 

Compression,  lbs.  per  sq.in. 

140 

180 

Bore  of  cylinders,  inches 

21.75 

18.75 

Length  of  stroke,  inches 

32 

27 

Rated  speed,  R.  P.  M. 

175 

190 

Rated  capacity,  horsepower 

280 

100 

Ignition 

High  tens 

ion  make- 

and-break, 

Bosch  Magneto 

Diameter  of  flywheel,  feet 

9 

9 

Weight  of  flywheel,  pounds 

34,000 

20,000 
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SAMPLE  CALCULATIONS 


The  following  calculations  are  presented  merely 
to  explain  the  methods  followed  in  computing  the  results  of  the 
tests  as  given  in  Table  1 immediately  preceeding  this  page.  In 
these  computations  abstract  numbers  will  be  employed  as  far  as 
possible  and  the  calculations  are  only  to  be  used  in  connection 
with  the  preceeding  table.  Item  numbers  will  be  used  in  the 
formulas  and  all  quantities  substituted  for  the  calculations 
will  be  taken  from  the  first  test,  as  far  as  is  possible.  Wher- 
ever necessary,  explanations  of  the  data  will  be  given. 


Item  No  . 


9. 


As  mentioned  previously,  two  meters  were  used  to  measure 

the  scrubber  water,  one  of  which  read  in  cu.ft.  and  the 

other  in  gals.  Therefore: 

Item  No.  9 = Cu.ft.  indicated  by  meter  #1 
+ _gals.  registered  by  meter  #2 
7L48  ~~ 


= (2845.7  - 2120)  + 


6836  - 618 

7 *.  48~ 


= 725.7  + 832  = 1557.7 


10.  = JSZi  L = 64.8 

item  l 24 

11.  = Item  9 x 62.4  = 1557.7  x 62.4  = 97,200 

12.  = Item  10  x 62.4  = 64.8  x 62.4  = 4,040 

15.  = Item  14  - Item  13  = 71.1  - 51.46  = 19.64 


. 


51. 


item  No . 


16 


= Item  11  x Item  15  = 97,200  x 19.64  = 1,909,000 


17.  = Item  12  x Item  15  = 4,040  x 19.64  = 79,400 


22.  As  the  quantity  of  data  secured  in  the  operation  of  the 


Junker  Calorimeter  was  very  large  it  was  thought  ad- 


viseable  to  omit  it  from  this  report.  The  calculations 


were  made  in  the  usual  manner  and  the  values  given  are 


24 


corrected  for  temperature  and  pressure 


Item  23 
Item  1 


3^ 042 _ 
24" 


= 126.7 


25  to  27  were  obtained  from  the  chemist 


28.  = Item  23  x Item  27  = 3,042  x 11,726  = 35,670,000 


23  . 

34. 

35. 


Item  24  x Item  27  = 126.7  x 11,726  = 1,486,000 


Itein_32 

60 

Item  33 
60* 


544 

*~6o' 

.896. 

~60* 


= 9.07 
= 14.93 


37  and  38.  Revolution  counter  was  attached  to  exhaust  valve 
lever,  as  stated  before,  therefore,  Items  37  and  38 
= 2 x revolution  counter  reading. 
Considerable  trouble  w as  experienced  with  the  counter 
on  engine  No.  2,  and  this  was  not  remedied  until  the 
last  test. 

,70  Item  37  96,068 

j9-  = TEeE-KT  = “524"  = 176 -° 


Item  No . 


52.. 


40. 


41. 


= = 186.1  (Test  #5) 

item  55  1,440 

In  Tests  #1  and  2,  trouble  was  encountered  with  stick- 
ing of  the  revolution  counter.  Average  values  of  speed 
were  taken  from  the  data  secured  and  assumed  to  apply 

throughout  that  test. 

Item  59  _ _176.6  _ Qq  3 

""“'2  “ ~~"z  ~ ~ 0,0 


Ap 

Item  40 

186 . 12 

2 

2 

AP 

L A 

32  x 21 

nfcO  . 

“ "337000’“ 

‘ 12  x 

47 

L A 

27  x 18 

33,000 

12  x 

48. 

= Item  46  x 

Item  43  x 

= 

0.03005  : 

49. 

= Item  46  x 

Item  44  x 

= 

0.03005  : 

50. 

= Item  48  + 

Item  49  = 

51. 

= Item  47  x 

Item  45  x 

= 

0.0188  x 

52. 

= Item  50  x 

Item  34  = 

55 . 

= Item  51  x 

Item  35  = 

54. 

= Item  52  + 

Item  53  = 

57  . 

= Item  55  + 

Item  56  = 

58 

_ Item  55 

652 . S 

Item  54 

' 9.07 

= 95.06 


: 2 


0.05005 

0.0188 


100,5 


55. 


Item  ITo . 

59  . = - 43.62 

Item  35  14.93 

60  = = _1562_.75_  = 65  2 

Item  1 24 

61.  = Item  55  x 62.4  = 910.15  x 62.4  = 56,793.36 

62.  = Item  56  x 62.4  = 652.6  x 62.4  = 40,722.24 

63.  = Item  61  + Item  62  = 56,793.36  + 40,722.24  = 97,535.6 

68.  = Item  66  - Item  64  = 116.23  - 51.87  = 64.36 

69.  = Item  67  - Item  65  = 117.5  - 51.24  = 66.26 

70.  = Item  61  x Item  68  = 42,798.16  x 64.36  = 2,759,638.38 

13,915.2  x 64.16  = 892,799.23 

3,652,437.61 

71.  = Item  62  x Item  69  = 40,722.24  x 66.26  = 2,698,255.62 

72.  = Item  70  + Item  71  - 3,652,437.61  + 2,698,255.62 

= 6,350,693.23 


73. 

_ Item  72 

_ 6,  350,693.23 

- 264,500 

Item  1 

24 

74. 

_ Item  70 

3,652,437.61 

- 403,500 

Item  34 

9.07 

LO 

= _Item_71_ 

= ^2^698^255^62^ 

= 181,000 

Item  35 

14.93 

78.  = Item  76  + Item  77  = 906  + 698  = 1,604 

79  — _z5sm^76_  = — 99  9 

I tern""  34  iTo7^ 

80>  = Item  77 

Item.  35 


698 

= 46.7 

14.93 


Item  No . 
81. 


_Item_78_ 
Item  1 


= 66.8 
24 


54, 


82. 

83. 

84. 

85. 

86. 
87. 


88. 

89. 

90. 

91. 

92. 

93. 
95 . 


Item  79  x 1.34  = 99.9  x 1.34  = 133.85 

Item  80  x 1.34  = 46.6  x 1.34  = 62.6 

Item  81  x 1.34  = 66.8  x 1.34  = 89.5 

= 62.5 


Item  82_  x ]_qq  - '“133.85 


Item  50 


214.3 


x 100  = -!|4-  x 100  = 75.25 
Item  51  85.4 


_I£em_84_  X 100  = -§§.sJL  x 100  = 66.8 
Item  54  3219 

ItSS‘l‘  ‘25- 


Item  84  x 2,545  = 89.5  x 2,545  = 228,000 

^2—  x 100  = 15 . 54 


item 

i 

001 

001 

x 100  - 

Item 

29 

1,4 

Item 

23 

3042  _ 1 

Item 

78 

1604 

Item 

9 

_ 1,557.7 

Item 

78 

1,604 

Item 

57 

_ 1.562.75 

Item 

CO 

1,604 

Item  91  + Item  92  = 0.971  + 0.974  = 1.945 

= 0.225 


_Item_94^  ICO 
2000 


4i50_x_100_ 

~2000~’~ 


96.  = Item  90  x Item  95  = 1.894  x 0.225  = 0.427 


oo . 


Item  Ho. 


98. 

_ Item  97  x 

: 100  _ 

_7^42_x  100 

Item 

78 

1,604 

99. 

= Item  96  + 

Item  98 

= 0.427  + 0 

100. 

_ Item  78 

■ x 100  = 

. Ij604 

285  x 24 

285  x 24 

= 0.462 

462  = 0.889 
x 100  = 25.45 
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TABLE  HO.  4.  STATION  RECORD  FOR  GAS  POWER  INSTALLATION 
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TABLE  NO.  5 . 
ESTIMATED  COST  OP  PRESENT  INS 

1.  Producers  and  scrubbers,  erected 

2.  280-horsepower  gas  engine,  erected 

3.  100-  " « " , " 

4.  200-kilowatt  generator  with  exciter 

5.  85-  " " " « 

6.  Switchboard 

7 . Motor-generator  set 

8.  Belts,  77'  of  28",  3-ply  and 

60  1/2’  of  14",  3-ply 

9.  Building 

10.  Auxiliaries  and  piping,  ten  percent  of 

total  first  cost 

Total  first  cost 


TALL ATI ON . 

| 5,400 
8,400 
3,600 
2,192 
1,157 
1,500 
1,330 

400 

2,000 

2,281 
$ 28,800 


' 
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TABLE  IT  0 . 6 . 


ESTIMATE!)  COST  OF'  OPERATION  OF  PLANT . 


1.  Fixed  charges 


Percent 
of  First 
Cost 


(a)  Interest  5 

(b)  Depreciation  8 

(c)  Insurance  and 

Taxes  1 


Yearly 

Costs 

Dollars 


Cents 
per  kw. 
hr . at 
Switchb ' d 


2.  Maintenance  and 

Repairs  2 
Total  16 


4,608 


1.296 


3.  Lubricating  oil  and  waste 


0.000 


4.  Fuel  cost 

5.  Cost  of  cooling  water 

6.  Attendance 

Total  estimated  cost  of 


0.600 

0.02S 

2,760 

0.777 

power  production 

2.701 
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TABLE 

N 0.  7. 

CENTRAL 

STATION 

STATISTICS 

FOR 

COMPARISON. 

(Taken  from 

the  "Electrical  World1 

May,  1909) 
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CQ  -H 

CO  <3 

02  EH 

ft 

ft  P. 
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ft  O «H 

1 

565 

10000 

1.94 

0.87 

1.06 

.01 

- - 

- - 

56 

5.2 

- - 

2 

300 

5000 

60 

- - 

10. 

3 

240 

1500 

2.20 

1.54 

0.37 

.29 

- - 

- - 

160 

25.0 

- - 

4 

850 

10000 

2.60 

1.44 

0.84 

.32 

_ - 

- - 

85 

14.8 

10.4 

5 

250 

4000 

2.20 

1.20 

0.90 

.10 

1.2 

.23 

6 3 

11.0 

- - 

6 

255 

5000 

1.90 

1.40 

0.50 

.20 

1.8 

.15 

51 

11.0 

- - 

7 

300 

800 

1.90 

1.60 

0.50 

- - 

- - 

.21 

38 

9.0 

- - 

8 

394. 

3 6214 

2.12 

1.34 

0.63 

.185 

1.5 

.197 

73.3 

12.7 

10.2 

9 

285 

6000 

2.58 

1.66 

0.82 

.10 

1.0 

.245 

45.7 

6.95 

4.3 

Note:-  Numbers 

one  to 

seven 

are 

average  Illinois 

and  Iowa  towns. 

Number  eight  is 

the  average 

values  of 

the  numbers 

given 

in  the 

col- 

umn.  Humber  nine  shows  the  conditions  at  Hoopeston. 


62. 


TABLE  NO.  8. 

ANALYSIS  ON  CONNECTED  LOAD  AT  HOOPESTON 
AND  ROSSVILLE. 

Part  1.  - Lighting  Load  at  Hoopeston:- 


Class  of  Service 

Con- 

No. 

of  lamps 

Kilowa 

.tts 

2 

CD 

O 

tions 

16 -cp 

Arcs 

C onn . 

Peak' 

Residence 

271 

4500 

252 

63 

General  business 

50 

920 

1-30 amp 

57 

57 

Office,  shop,  factory,  etc . 

52 

977 

9-500  w 

59 

25 

Churches  and  halls 

19 

1565 

76.5 

Emergency 

6 

1050 

10 

Street  lighting 

143 

5 

12.5 

12.5 

Miscellaneous 

13 

Total  peak  load 

157.5 

Part  2.  - Lighting  Load  at  Rossville:- 

Residence 

190 

1200 

67 

25 

General  Business 

24 

200 

11.5 

10 

Office,  shop,  factory,  etc. 

10 

20 

1.1 

Churches  and  halls 

9 

950 

54 

Street  lighting 

5 

5 

Total  peak  load 

40 

Part  3.  - Power  Load  at  Eoopeston 

: - The 

power  lo 

ad  at  Hoopeston 

consists  of  23  kilowatts  of 

irons 

, fans. 

etc.,  connected, 

none 

of  which  can  be  considered  peak  load,  and  25  single-phase  motors 
totaling  16  horsepower,  15  three-phase  motors  totaling  170 
horsepower  and  14  direct  current  motors  totaling  125  horsepower. 
About  80  of  the  232  kilowatts  can  be  considered  peak  load. 
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Power  'Station 


Fig  4 
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— Fig.  S — Section  qf  Hucnzcj,  Gas  Producer 
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— Vertical  Sect/on  or  the. 


MUE.NZ.E2L  CfAS  E.NGINE2 

-3CAL.C.  ~ /"-  
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^6. 3.  - Elevation  of  Present  Switchboard 
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GRAPHICAL  LOG  TEST  No.  3 
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Nc  3 Coal  F~ 'Red  in  Pounds 
No  4 TcnPEPATuRE  or  Qas  -e  a\/inq  Producers  (Mean) 
No  J Mean  Suction  at  producers  in  Inches  or  water 
No  6 Power  Factor 


Diagram  from  Engine  Ho.  2 
Taken  at  8:15  P.M.,  December  26,  1909. 
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Diagram  from  Engine  Ho.  2 


Taken  at  3:45  A.  M.,  December  27,  1909 
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Pump  Diagram.  Engine  Ho.  1,  R.  H.  Cylinder 
Scale  of  Spring,  10  # 


Pump  Diagram.  Engine  Ho.  1,  l.  H.  C3',linaer 
Scale  of  Spring,  10# 


Pump  Diagram.  Engine  Ho.  2 
Scale  of  Spring,  10# 
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